Abstract. In 1973 a Rhododendron breeding program was started at the Department of Plant Breeding, University of Helsinki. The program was based on the extremely hardyrhododendron material that had been naturally selected at Arboretum Mustila. The aim was to create new frosthardy cultivars that could tolerate minimum temperatures below -35°C in mid-winter. Rhododendron brachycarpum subsp. ligersledtii Nitz. was used as the maternal parent in the majority of crosses. Also R. smirnowii and R. calawbiense were used as sources for winter hardiness.
Introduction
Rhododendrons belong to the Ericaceae-(heath) family that consists of about 70 genera and 1900 species (Lawrence 1951) . They are widely distributed on acid soils throughout temperate regions of northern and southern hemispheres and to a lesser extent in the subarctic. A number of ericaceous species cover the coniferous forest floor of northern 235 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND Europe including Finland. However the genus Rhododendron is restricted to a single species, R. lapponicum L., naturally distributed in the subarctic under open tundra-like conditions.
The genus Rhododendron comprises about 900 species in the cool and temperate regions of the northern hemisphere with a concentration of species, about 700, in the mountains of east and southeast Asia.
The genus Rhododendron was first recognised by Linnaeus in Species Plantarum in 1753. Recently there has been a total reversion of the genus into eight subgenera. Some of them are further split into sections and even subsections (Cullen and Chamberlain 1980) . In fact, a revision of azalea types is currently undertaken and may result in the division of these rhododendrons into seven sections.
Rhododendrons have been used as ornamentals in the gardens of central Europe ever since plant explorations began their introduction from China and other parts of the world early in the 19th century. A number of famous plant hunting expeditions (Forrest, Rock, Kingdon-Ward and others) in the beginning of the 20th century introduced a large number of new rhododendron species into the gardens of Europe, particularly from China and other parts of southeast Asia (Krussmann 1968) . This also promoted plant breeding efforts to improve the ornamental value and hardiness in new hybrids. Species within sections of rhododendrons are easy to cross and new character combinations of growth habits and flower colours can be produced almost ad libitum. Intersectional crosses are however often difficult to make and resulting hybrids are often totally sterile. Sterility may depend on strictly morphological malformations, but also ploidy levels may vary from diploid to decaploid in different species thus causing hybrids to have genomic imbalance. For instance crosses between diploids and tetraploids give sterile triploid hybrids. Ploidy level manipulations by colchicine treatments give promising results to produce new fertile alloploid rhododendrons. Thus more than a hundred years of selection and hybridisation has produced over 4 800 named »cultivars» (Salley and Greer 1986) (Kallio 1966 ). This presumably depends on genetic variation in hardiness between different individuals of the true species in combination with particularly favourable local growing conditions. The average winter minimum temperature that R. catawbiense can stand is -32°C (Cox 1979 Frosthardiness has invariably been the number one trait selected for, but in addition a lot of effort has been put on selection for different growth habits of the bush, including foliar characteristics. A whole spectrum of flower colours from pure white to deep red has also been a collective target including the details of flower morphology and inner colour and feature of the corolla.
Long term testing at Arboretum Mustila has shown that R. brachycarpum subsp. tigerstedlii Nitz. is an exceptionally hardy species (Fig.   1 ). This species was named after Dr. C.G. (Tigerstedt 1986 Cox (1979) it is probably the hardiest rhododendron in the world.
The exceptionally good adaptation of the »Tigerstedt» rhododendron is well documented in its ability to produce natural regeneration at Arboretum Mustila. Some of the natural seedlings have grown to large flowering shrubs. In fact, R. brachycarpum has been the only introduced rhododendron species able to reproduce generatively. At Arboretum Mustila there are several observations made on coniferous trees, indicating that the ultimate proof of good adaptation can be concluded from how well the generative cycle, including meiotic division and formation of pollen, functions in the new environment. The ability to regenerate naturally also indicates that the introduced species has found an ecological niche in its new environment.
Some other species of rhododendron are worth special mentioning for being hardy at Arboretum Mustila. The true form of R. brachycarpum, R. metternichii, and R. smirnowii are completely hardy under normal winter conditions. However, severe damage is caused by temperature around -35°C. According to Cox (1979) they should stand about -26°C. Also so called Seidel-hybrids have been hardy at Mustila. Rudolf Seidel used R. smirnowii, R. catawbiense and R. arboreum in his hybrids produced in Germany at the beginning of this century (Krussmann 1968 ). Particularly R. arboreum contributed deep red flower colours to his hybrids but it was also a source of frost sensitivity.
These species and hybrids are not generally available in commercial plant nurseries because of their unsatisfactory ornamental properties or difficulties in their vegetative propagation. Their flower colours vary from pink to almost pure white and the inflorescence is often small or loose. Also their often tall and loose growth habit causes problems already during the nursery cultivation. In addition the plants are often slow flowering, requiring several vegetative years before flowering commences.
The comparison of climatic constraints in various places where rhododendrons are grown show that in Finland, in northern Scandinavia and in East Baltic, rhododendrons meet the marginal limits of their survival (Cox 1979 , Galle 1985 . In south-central Finland weather conditions are extremely variable from year to year due to fluctuations between a maritimeand continental climatic profile. Night frosts in early June and again in mid August, heat and drought spells in the summer and cold spells in the winter demand a very high adaptive tolerance of successful plants. This is particularly the case when growing conifers or evergreen rhododendrons. They may suffer heavily from desiccation in March-April when the solar radiation is already strong, evaporation from leaf surfaces is considerable, but water uptake is virtually nil due to frozen ground.
The taxonomic and systematic classification used in this presentation needs special commenting. Latin names and names of the cultivars have been taken from treatises by Stevenson 1930 , Nitzelius 1970 , Cox 1979 , Encke et al. 1980 Salley and Greer 1986 and Krussmann 1968 . There has been a great confusion in the classification of the Japanese Rhododendron species in Subsection Pontica.
The confusion concerns R. degronianum, R. metternichii and R. yakushimanum. According to recent papers, these species are all either subspecies or varieties of R. degronianum (Chamberlain and Doleshy 1987) . Generally the older classification has been used in this paper, because of the difficulties in determining the correct names of the used parental individuals. Thus the paternal individuals used in the crosses carry the names that were in use in the rhododendron plantations from where the pollen was collected. 
Pollination
Most of the hybrids were produced by controlled hand pollination. Flower buds were emasculated just before opening and isolated in terylene bags, specially designed for tree breeding work (Duraweld Ltd., U.K.). Pollination was done after 7-14 days when the stigma had opened and when a drop of sticky nectar revealed its readiness to accept pollen. In some cases seed after open pollination was collected as it was found that at the arboretum, pollination between species flowering simultaneously often takes place. Totally 496 cross batches were obtained in the breeding program (Appendix 2).
Hybrid progenies
Seeds were sown and progenies were raised using methods described by Uosukainen (1976) . The hybrid populations were planted at seven locations in southern and central Finland (Appendix 3). No plantations were done north of 65 deg. N. lat., which was considered to be the northern limit of garden rhododendrons. In the west east direction, the climate becomes gradually more continental as the influence of the western Golf-stream gradually decreases and the influence of the vast land masses to the east of Finland increases. These facts were taken into account in selection of experimental sites for the winter 
Selection criteria
The most important selection criterion was adaptation of hybrid plants to climatic constraints. This involves several single traits, such as low temperature tolerance, growth initiation and cessation periods and drought resistance. The duration of field testing was determined to 10-15 years depending on the occurrence of critical »bottleneck» years (Tigerstedt 1970) . In addition following characters were considered in selection: General plant health. Ageing of plants.
Cloning of selected material
In 1981 a research project was started in order to match each selected hybrid to an optimal meristem tip culture method (Uosukai-nen and Niskanen 1985) . This was necessary as it was found, that genotypes reacted differently to hormones and nutritional components in the culture medium. The selection and vegetative propagation (Fig. 2) of the hybrids is illustrated in figure 9 . The vegetative propagation terminology used (ortet ramet clone) is adopted from tree breeding (Zobel and Talbert 1984) . From each ortet 10-20 ramets were planted for clone testing in Helsinki, at Överby, at Kaarina, at Mäntsälä, at Arboretum Mustila, at Jyväskylä and at Haapamäki (Appendix 3.). These clonal trials were started in 1983.
Results
The total number of matings in the breeding program was 496. There were 442 crosspollinated batches that consisted of 148 different combinations between species, species and hybrids and between hybrids (Table 2 and Appendix 2). In addition there were 30 selfpollinated batches, 14controls (no pollination) and 10 openpollinated seed batches. (Table 3 There were large sib-group differences between the offsprings from different mother species and cultivars. Winter survival was invariably superior in the offsprings of R. brachycarpum subsp. tigerstedtii. Particularly hardy were its progenies after crossing with R. smirnowii. These hybrids survived 100 % on all test sites and over 80 % had no visible damages (Fig. 3) . Even the flower buds tolerated -36°C without damage. Also »Tiger-stedt» progenies after crosses with R. catawbiense and its variety album 'Glass' gave very hardy FI-hybrids. In Flelsinki, all individuals of these crosses survived, 22 % without damage, 56 % slightly damaged and 22 % with severe damages on their leaves, buds and branches. However, the reciprocal crosses indicated a strong maternal effect for hardiness inherited from the »Tigerstedt» rhododendron mother.
The matings between »Tigerstedt» and a number of other species gave somewhat less hardy offsprings than the particular ones mentioned above. Crosses with R. metternichii and R. yakushimanum gave offsprings (Fig.   4 ) that survived -37°C but mostly with slight or even severe damages. All crosses with R. williamsianum, R. wardii or R. orbiculare as fathers gave offsprings with poor winter hardiness. Plants were often killed within two or three years after planting in test fields.
The matings between two hybrids or between a species and a hybrid gave extremely variable offsprings (Fig. 5 ). There was large variation both in morphology, flowering characteristics and in frost tolerance. Mortality was generally high in recombinant plant populations but very interesting material could be selected from such groups for further clone testing. Open pollinated seed, collected at the Arboretum Mustila rhododendron valley, was a very good source for variation and selection. The mortality was very high particularly in the offsprings of R. smirnowii and the so called Seidel-hybrids (Fig. 6) . In many cases the offsprings died already as seedlings due to fungal diseases, such as Botrytis cinerea. Some of these recombinant populations died totally in the field within the first five years.
Among the surviving recombinants, beautiful flower colours and shapes were often combined with satisfactory winter hardiness. By the end of 1987 about 80 individuals from hybrid populations had been selected to be used as ortets for micropropagation. The ramets were planted in clonal trials for further selection. By the end of 1987 a total of 2 410 ramets from 35 ortets have been planted in the field for repeated clone testing. Six hybrid clones have been released as named cultivars to commercial production. There are two red flowered hybrids, 'Elviira' (Fig. 7) and 'Hellikki', two hybrids with pink flowers, 'Flaaga' and 'Universitas Helsingiensis 350' and two white hybrids, 'St. Michel' H42 and 'P.M.A. Tigerstedt'.
Discussion
Evergreen rhododendrons are typically plant species that prefer maritime climates. In Europe, rhododendron breeding and use is concentrated to Ireland and the U.K., the Benelux and coastal northwest Germany. In North America the Pacific Northwest is the optimal area with some additional areas on the east coast. In Asia, Japan is the center of breeding and use although they have concentrated their efforts on the deciduous azaleas.
Extremely low winter temperatures, below -35°C, under conditions of little snow coverage is particularly detrimental to flower buds of rhododendrons. Critical low temperatures for flower bud damage may vary within species depending on the seed origin. Just as in conifers, a difference of one degree latitude or 100 m altitude may be critical for frost hardiness. Thus it is obviously somewhat uncritical to classify species of rhododendrons as hardy or not hardy in a certain location without simultaneously noting the seed origin, including the specific site from where seed was initially procured.
Particular attention must here be given to the seed origins of Rhododendron brachycarpum. There seem to be controversial opinions about the taxonomic classification of this species and some scientists have questioned the justification to separate it into subspecies (Chamberlain and Doleshy 1987) . From a strictly population genetic aspect, it may well be that this species varies gradually (clinal variation) within its natural distribution in Japan and Korea. Thus the subspecies tigerstedtii may well represent the extreme end of a dine where hardiness and even morphological traits deviate considerably from the typical R. brachycarpum.
The fact that there is considerable genetic variation in hardiness of different seed sources of a species is worth special consideration from the plant breeder. In fact, there may even be variation in hardiness between individuals belonging to the same seed source. Thus the breeder must a priori select the basic material for hybridization from seed sources originating from climatically marginal lowtemperature areas of the species. Secondly, the breeder may considerably improve hardiness breeding by using parental material that has already been naturally selected for winter hardiness in a new critical environment. 
